Objective: Given that lexical-semantic decline precedes episodic memory deficits in the Alzheimer's disease (AD) timeline, it is expected that performance on a lexical-semantic task would be associated with mediotemporal volumes independently of the association this region has with episodic memory in the early stage of AD. Method: Fifty patients with mild cognitive impairment due to AD and 50 healthy adults completed tests of lexical-semantic skills (category fluency test), episodic memory for semantically relevant material (prose memory test), episodic memory for non semantically relevant material (Rey-Osterrieth Figure test) , lexical-executive abilities (letter fluency test), and a neurostructural MRI. Hippocampal, perirhinal, entorhinal, temporopolar, and orbitofrontal volumes were extracted. The association between test performance and volume of each region was tested using partial correlations (age-education corrected). The improvement (⌬R 2 ) in predicting volumetric indices offered by episodicmemory/lexical-semantic processing, once accounting for their counterpart, was tested using hierarchical regressions. Results: There were no significant findings for control indices. Prose memory accounted for independent portions of volumetric variability within almost all regions. Category fluency accounted for independent portions of volumetric variability of left and right hippocampus and left perirhinal cortex in addition to the predictive strength of the Rey-Osterrieth Figure, and for an independent portion of volumetric variability in the left hippocampus in addition to the predictive strength of prose memory.
Conclusions:
There was an association between hippocampal and perirhinal volume and lexical-semantic processing in addition to the contribution given by episodic memory. This statistical separation supports the importance of lexical-semantic processing as independent indicator of AD.
General Scientific Summary
It is well established that declining semantic skills precede memory symptoms in Alzheimer's disease (AD). Semantic skills are linked to the typical brain regions affected by AD. This link is still present after controlling for episodic memory. Semantic processing abilities can be used to detect preclinical AD.
Keywords: category fluency, mild cognitive impairment, preclinical, perirhinal cortex It has been widely demonstrated that aspects of memory are dysfunctional in Alzheimer's disease (AD). The latest versions of diagnostic criteria for prodromal and preclinical AD, established by international consensus task forces, are moving toward a view of diagnostic algorithms for early stage AD, in which episodic memory plays a central role (Albert et al., 2011; Dubois et al., 2016) . Presence of episodic memory decline, however, is not unequivocally associated with the presence of AD. In fact, it is well known that normal, non pathological aging processes cause some degree of impoverishment of memory skills (Hänninen et al., 1996) . Evidence of declining trajectories of memory functions in both types of aging are sometimes not of easy clinical interpretation at an individual level. On this note, a cognitive measure that shows differences in its trajectory of change between the two diagnoses will be of more immediate clinical utility. This has been indicated to be the case for semantic processing. Although it is well established that semantic representations can be accessed via multiple routes, semantic content is often tested exploiting the linguistic modality. As a consequence, semantic processing is commonly (although not exclusively) measured via tests of language assessing lexical variables (Venneri, Jahn-Carta, De Marco, Quaranta, & Marra, 2018) .
Although it is well established that deficits in episodic memory are major clinical evidence of the symptomatic stage of the disease, decline of semantic processing and semantic memory occurs in parallel (Barbeau et al., 2012) , and there is mounting evidence that it precedes the appearance of episodic memory decline. Subtle insidious changes may occur and might go undetected if not thoroughly assessed, given that for a long time they do not cause any major disruption to everyday cognitive performance. Evidence has repeatedly shown that lexical-semantic impoverishment appears insidiously decades before the onset of clinical symptoms (Amieva et al., 2008; Didic et al., 2011; Le, Lancashire, Hirst, & Jokel, 2011; Snowdon et al., 1996) . This might represent an important cognitive aspect to be exploited in a clinical setting for preclinical detection of AD, and confers an advantage to lexicalsemantic processing as central diagnostic domain of interest (Papp, Rentz, Orlovsky, Sperling, & Mormino, 2017; Venneri, Mitolo, & De Marco, 2016) .
The most common approach to test lexical-semantic processing during neuropsychological assessment of patients is via the category fluency test. Engagement in this test depends upon the integrity of semantic associations, semantic memory, and language (Butters, Granholm, Salmon, Grant, & Wolfe, 1987; Rohrer, Salmon, Wixted, & Paulsen, 1999) . The extent of its reliance on executive demands is, however, limited (Henry, Crawford, & Phillips, 2004) , as it resembles cognitive operations involved in everyday tasks (e.g., creating a shopping list) normally carried out with little cognitive control (Shao, Janse, Visser, & Meyer, 2014) . The mediotemporal involvement in this task has emerged from lesion-mapping studies (Biesbroek et al., 2016) , from measures of gray matter density (Venneri, Gorgoglione, et al., 2011) and blood flow that have highlighted the role of the hippocampus and subhippocampal areas (entorhinal and perirhinal cortex) for contextfree semantic retrieval, typically requested in the category fluency test (Barbeau et al., 2012) . This association has also been confirmed by studies that have measured semantic retrieval via the Delayed Matching to Sample task 48 (DMS-48) visual recognition test Didic et al., 2010) , and via subtests of the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) battery (Hirni, Kivisaari, Monsch, & Taylor, 2013) . The presence or absence of contextual information is a major feature of declarative memory traces and is functionally related to the anatomical distinction between hippocampal and subhippocampal regions. In fact, episodic memories are characterized by a distinct set of contextual information (i.e., temporal, spatial, and other situational information), whereas semantic memories are not. The hippocampus, at the top of the computational hierarchy of the mediotemporal lobe, is necessary to retrieve context-rich episodic memories, whereas the subhippocampal region, at a secondary level of this hierarchy, is sufficient for the retrieval of context-free semantic memories. (Mishkin, Suzuki, Gadian, & Vargha-Khadem, 1997) .
The mediotemporal complex, heavily affected in AD (Braak & Braak, 1991) , therefore, appears to be implicated in the support of both episodic memory and semantic processing. Apart from a few investigations (Barbeau et al., 2012; Didic et al., 2011; Joubert et al., 2008) , however, the distinction between the two types of declarative memory has not been studied in detail in patients who are at the early stage of AD. Seminal studies carried out on single-patient cases, lesion models, or developmental conditions have indicated that major functional distinctions exist between the hippocampus and the subhippocampal regions (Barbeau et al., 2006; Jonin et al., 2018; Temple & Richardson, 2006; VarghaKhadem et al., 1997) . No study, however, has yet investigated this aspect in AD as a function of a test so widely used worldwide such as the category fluency test. If, on one hand, the mediotemporal/ episodic memory link is widely exploited as the main rationale of the criteria for preclinical and prodromal AD (Albert et al., 2011;  This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Dubois et al., 2016) , on the other hand, the mediotemporal and semantic processing link has been relatively understudied. This is surprising, considering that lexical-semantic deficits have been shown to anticipate memory deficits and may thus become the core of novel criteria for preclinical AD (Amieva et al., 2008) . In this study, we focused on the volumetric properties of mediotemporal regions. Because tests of memory are reliant on a multiplicity of cognitive processes, using models of linear statistics, we hypothesized that a measure that relies more on lexicalsemantic processing than episodic memory will be a significant predictor of volumetric indices, independently of the predictive strength offered by a measure that relies instead more on episodic memory than lexical-semantic processing (please note that the word prediction refers to its statistical meaning). This hypothesis was tested in a cohort of healthy elderly adults and patients with mild cognitive impairment (MCI) due to AD. The regions this study focused on were those affected significantly by AD pathology during the earliest stages, that is, the mediotemporal complex, inclusive of the hippocampus, entorhinal cortex, and perirhinal cortex.
Method Participants
One hundred participants were included in these analyses. Participants were recruited from the outpatient memory service at IRCCS Fondazione Ospedale San Camillo, Venice, Italy, and included healthy controls (n ϭ 50) and patients referred for their first neurological examination for suspected cognitive decline (n ϭ 50) who then received a clinical diagnosis of MCI following widely established clinical criteria (Albert et al., 2011; Petersen, 2004) and further corroborated by clinical follow-ups. Each participant had been assessed with an extensive diagnostic protocol, as part of the clinical procedures led by a senior neurologist, including a brain MRI investigation and an extensive neuropsychological assessment. As part of clinical routine, patients received follow-up assessments for confirmation of clinical diagnosis, and conversion to AD was established clinically. Each individual case was assessed and discussed by a team of clinicians including a neuroradiologist, a senior neurologist, and a neuropsychologist. Following consensus among these clinicians, conversion to AD was either confirmed or ruled out. Based on this, inclusion criteria were set as follows: a Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) score of 24 or above, and a clinical profile compatible with the presence of potential underlying AD pathology, as determined by a clinical consensus during follow-up examinations. Exclusion criteria were set up to identify and discard any case for whom the etiology was of non neurodegenerative nature (i.e., vascular, traumatic, psychiatric, metabolic; see Winblad et al., 2004) . More specifically, these were represented by the presence of an established diagnostic entity of clinical importance (including cerebrovascular or cardiovascular disease at a moderate-severe stage, neuropathy presenting with conduction difficulties, peptic ulcer, sick sinus syndrome), a history of medical events of clinical concerns (e.g., system failure, transient ischemic attacks, brain seizures), the presence of major clinical traits that might represent confounding factors in the study of AD neurodegeneration (i.e., presence of severe neuropsychiatric symptomatology, evidence of abnormal levels of thyroid-stimulating hormone, folates, and Vitamin B12), or specific treatment medication (i.e., memantine/cholinesterase inhibitors consumption at the time of recruitment, or medication for research purposes or with toxic effects to internal organs). Moreover, participants were not included in the study if the MRI images indicated or suggested a major non neurodegenerative problem (e.g., normal-pressure hydrocephalus, previous stroke, brain tumor) that could be associated with the presence of cognitive impairment. Data from neuropsychological assessment at first referral and contemporary MRI scans were used for analyses in this study.
All demographic characteristics are reported in Table 1 . Approval for this research was granted by the institutional ethics panel of the IRCCS Fondazione Ospedale San Camillo, Venice, Italy (Reference Number CE: 11.07). Written informed consent was requested and obtained from all recruited participants. The entire research protocol was executed in agreement with the Code of Ethics of the World Medical Association.
Neurocognitive Assessment
A team of experienced clinical neuropsychologists administered an extensive battery of cognitive tests to all study participants. The battery included measures of verbal and non verbal short-term and working memory, visuoconstructive skills, visual long-term memory, verbal long-term memory and new learning, phonological and semantic fluency, visual search and speed of processing, executive functioning, comprehension and receptive language, and verbal and non verbal measures of abstract reasoning. A full description of the instruments is provided in De Marco et al. (2016) . The scores obtained on these tests were used as part of the clinical pipeline to establish diagnostic status. For the purpose of this study question, the performance on four tests was further considered:
• The category fluency test was chosen as measure of lexical-semantic processing with no primary reliance on mechanisms of episodic memory. The categories for access to lexicon were car brands, animals, and fruits (1 min per category), as originally chosen for the collection of the Italian normative data (Novelli et al., 1986) . Ample evidence indicates that semantic processing is the central cognitive component addressed by this task (Venneri et al., 2018 ).
• The delayed (10 min) recall of the Rey-Osterrieth Complex Figure test was selected as measure of "non semantic" episodic memory. This test, in fact, consists of encoding and recall of an abstract figure that does not request any semantic processing (Pelati et al., 2011 ).
• The delayed (10 min) recall of the prose memory test was included as a measure of episodic memory of semantically relevant material. It is well established that semantic processing is used as computational strategy in tests of memory based on verbal material that show a degree of semantic relatedness (e.g., Carlesimo et al., 1998) . The trial chosen as part of the prose memory test was the Italian version of the Babcock story (De Renzi, Faglioni, & Ruggerini, 1977 ).
• The letter fluency test was also included as a measure of linguistic-executive skills. This latter test was chosen as a methodological control because (a) it is methodologically This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
reliant on a comparable set of technical characteristics as those of the category fluency test (1 min, three trials); and (b) a large proportion of patients with clinically established AD dementia, albeit mostly of mild level, in fact, reach performance levels within normal limits on the letter fluency task (Bizzozero et al., 2013; De Marco, Duzzi, Meneghello, & Venneri, 2017; Herbert, Brookes, Markus, & Morris, 2014) . In addition, the neural correlates of this test have been reported to be located mainly in the left frontal lobe, with no overt mediotemporal involvement (Biesbroek et al., 2016; Meinzer et al., 2009 ). The letters for access to lexicon were F, L and P (1 min per letter), as originally devised for the collection of the Italian norms (Novelli et al., 1986 ). All cognitive features are summarized in Table 1 .
MRI Acquisition and Processing
A three-dimensional Turbo Field Echo T1-weighted image was acquired on a 1.5 T Philips Achieva scanner as part of a brain MRI protocol (1.1 ϫ 1.1 ϫ 0.6 mm 3 [gap 0.6 mm] voxel resolution, 256 ϫ 256 ϫ 124 matrix size, 250 mm field of view, 7.4 ms repetition time, 3.4 ms echo delay time, and 8°flip angle). This image modality, together with T2-weighted and FLAIR sequences, served to comply with clinical procedures and exclusion criteria. Furthermore, 3D T1-weighted images were also used for modeling and statistical inference. Each image was processed to extract a series of volumetric indices. For this purpose, the standard cortical and subcortical probabilistic segmentation and parcellation procedures of the FreeSurfer Image Analysis Suite (http://surfer.nmr .mgh.harvard.edu/) were implemented. Of the entire output, the volume of the mediotemporal complex was extracted for each participant, maintaining the two hemispheres as separated. The perirhinal cortex was defined as the cytoarchitecturally-defined Brodmann Area 35 (Augustinack et al., 2013) , and the entorhinal cortex was defined as the cytoarchitecturally-defined Brodmann Area 28 (Fischl et al., 2009 ). Both regions are accurately and reliably defined by FreeSurfer, as detailed in their respective publications. The hippocampus was instead extracted from the atlas of subcortical regions (Fischl et al., 2002) . Additionally, the volumes of the left and right temporal poles were extracted from the Destrieux atlas (Fischl et al., 2004) , as this region is considered an important "amodal" hub that processes similarities among semantic representations (Patterson, Nestor, & Rogers, 2007) . Each measure was divided by the total volume of gray matter. By doing so, fractional indices were obtained (Table 1 ). This was carried out for two reasons: to allow for immediate interindividual comparability and to allow for a simpler interpretation of the hierarchical regression models (see the Statistical Modeling section for details). As a control region not as profoundly affected by AD pathology as the mediotemporal areas, the volume of the lateral orbitofrontal cortex was extracted by conjoining a number of left and right symmetrical orbitofrontal patches (Fischl et al., 2004) and calculating a fractional value. All regions included in this investigation are illustrated in Figure 1 .
Statistical Modeling
Analyses were run in the entire cohort and separately in each diagnostic group. To test our experimental hypothesis, three sets of analyses were designed. Note. Except for gender ratio, means and standard deviations are indicated. Between-group differences in neuropsychological scores were tested both with uncorrected models and with statistical comparisons corrected for age and years of education. Brain regional fractions were calculated by dividing the regional volume by the total volume of gray matter. F ϭ female; M ϭ male; MMSE ϭ Mini-Mental State Examination. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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First, a number of group comparisons between patients and controls were run. This served to characterize our sample of patients and verify that the pattern of differences was as expected from a cohort of individuals with a diagnosis of MCI due to AD (Albert et al., 2011) .
Second, correlation models were created to test the simple association between the four cognitive tests and volumes of interest. Pearson's r correlations were run between each cognitive index and each regional fraction. Control variables added to these models were age and education levels. Age was included because MCI patients were older than healthy controls and also because of its effects on both cognitive performance and brain volumes (Tarroun et al., 2007) . Years of education served as control for cognitive reserve (Stern, 2009) .
Third, to test our study hypothesis, statistical models were devised to compare the predictive power of the category fluency test as a measure of lexical-semantic processing with that of the Rey-Osterrieth Complex Figure test as a measure of episodic memory, and that of the prose memory test as a measure relying on both episodic memory and semantic processing. The exclusivity with which the performance on each of these three tasks predicted the degree of mediotemporal integrity was modeled with hierarchical multiple regression models, set up for the entire cohort. The scores obtained on two of the three tasks were inserted in a first and second block, respectively, to establish to what degree each test could account for an independent amount of anatomical variability. The r-squared (R 2 ) statistics associated with the combined predictive strength of the pair of tests were extracted for descriptive purposes; r-squared change (⌬R 2 ) statistics were instead inferred to establish the block-to-block predictive improvement. All combinations were inferred for each regional fraction (six regression models, in total). Because fractional indices (and not raw volumes) were used as dependent variables, there was no need to covariate further for a global measure of brain or intracranial volume. In this way, the interpretability of the ⌬R 2 statistic was maximized.
Results

Group Comparisons Between Patients and Controls
Between-groups differences were found for the left and right hippocampal fractions and the left perirhinal fraction, with healthy adults having larger structures. No differences were found for the right perirhinal fraction or the entorhinal fractions, nor for the temporal poles (Table 1) . Controlling for age did not alter these results. Patients scored significantly worse than healthy controls on the prose memory test, the Rey-Osterrieth Complex Figure test , and the category fluency test. No difference was found for the letter fluency test (Table 1 ). These findings confirmed that the studied sample had the typical characteristics of prodromal AD.
Association Between Each Ability and Volume of Mediotemporal Structures
In the group of healthy controls, the sole significant association was that between the prose memory test performance and the left perirhinal fraction.
In the group of patients, scores on the category fluency test and prose memory test were both associated with hippocampal size (left and right). In addition, prose memory test scores were also associated in this group with the perirhinal fraction bilaterally and the left entorhinal fraction. No association was found between any mediotemporal fraction and the performance on the Rey-Osterrieth Complex Figure test .
In the whole cohort, the Rey-Osterrieth Complex Figure test was associated with the left hippocampal and perirhinal fraction, and with the entorhinal fraction bilaterally. The prose memory test was instead associated with the hippocampal and perirhinal fraction bilaterally, and with the left entorhinal fraction. The category fluency test, finally, was associated with the hippocampal fraction bilaterally and with the left perirhinal fraction.
Scores on the letter fluency test did not correlate with any fractional measure, neither in one of the diagnostic groups nor across the entire cohort. Similarly, no significant correlation was found in association with the lateral orbitofrontal fraction or with the temporal pole. All r scores and p values are reported in Table 2 .
Semantic Skills Versus Episodic Memory Skills as Predictor of Volume of Mediotemporal Structures
Hierarchical regression models indicated that the scores obtained on the prose memory test accounted for a significant portion of variability of all mediotemporal areas but the right entorhinal cortex, after accounting for the predictive power of the category fluency test or Rey-Osterrieth Complex Figure test . The maximal significant exclusive contribution of the prose memory test ranged between 5.8% and 11.6% of additional variability after accounting for that explained by the category fluency test, and between 4.6% and 13.5% of additional variability after accounting for that explained by the recall of the Rey-Osterrieth Complex Figure test This document is copyrighted by the American Psychological Association or one of its allied publishers.
When the exclusive contribution of the category fluency test was modeled after accounting for the predictive strength of the prose memory test score, a significant block-to-block improvement was found only for the left hippocampus, in which prose memory test scores accounted for 23% of the variability and category fluency scores contributed an additional 3%. When the exclusive contribution of the category fluency test was instead modeled after accounting for the predictive strength of the recall of the ReyOsterrieth Complex Figure test , a significant block-to-block improvement was found for the left hippocampal fraction (ϩ10% variability), the right hippocampal fraction (ϩ8.6%), and the left perirhinal fraction (ϩ4.5%).
The exclusive contribution of the performance on the ReyOsterrieth Complex Figure test was not associated with any improvement in the prediction of the volume of mediotemporal structures. The lateral orbitofrontal and temporopolar fractions were not associated with any cognitive test. All results are illustrated in Table 3 .
Discussion
In this study, the association between neuropsychological tests commonly used to diagnose cognitive changes induced by early AD and the volume of key mediotemporal regions was investigated in a cohort of healthy controls and patients with MCI due to AD. First and foremost, the prose memory test was confirmed as the task most strongly associated with the entire mediotemporal complex in all models. A second test of episodic memory, the recall of the Rey-Osterrieth Complex Figure, instead showed more modest associations with mediotemporal fractions, and these were limited to the analyses of the entire cohort. Finally, the Category Fluency test was found to be a significant independent predictor of hippocampal and perirhinal volume, even when controlling for measures of episodic memory.
At first glance, these findings may suggest that episodic memory would be the domain most suitable for the study of mediotemporal volumetric properties in healthy elderly adults and patients in the (Biesbroek et al., 2016; Pakhomov, Eberly, & Knopman, 2016) . Yielding information on visuospatial processing, the variability on this task would mitigate the statistical effect outlined by a second visuospatial task, whereas it would not influence the statistical effect outlined by a verbal task. Second, the performance on the prose memory test is known to be influenced by the semantic relatedness of the elements included in the learning material (Carlesimo et al., 1998) . The semantic nature of the material the prose memory test depends on is likely to be a crucial factor. This material, in fact, is particularly salient, as it is based on the description of a plot characterized by "the presentation of [a] character, a conflict, an aggravation/complements to the main plot, and a resolution" (Bolognani et al., 2015, p. 138) . We argue that the predictive strength shown by the prose memory test and the level by which scores on this task outperformed the level of statistical prediction achieved by the recall of the Rey-Osterrieth Complex Figure might in part be due to the interplay of episodic memory and semantic processing requested by the prose memory task, which is more strongly associated with the integrity of multiple mediotemporal regions. This is also postulated by the model by Mishkin and colleagues (1997) , who highlight the hierarchical role of the hippocampal and subhippocampal regions, with the former being crucial for the retrieval of the contextual information normally associated with episodic mnemonic traces and the latter being sufficient for the retrieval of context-free semantic memory. In summary, both differences in modality and semantic content (or a combination of the two) between the recall of the Rey-Osterrieth Complex Figure and the recall of the prose memory test might underlie the pattern of findings described above. The sole measurement of episodic memory levels for the clinical characterization of patients leads to major methodological limitations in a clinical setting. In fact, tests of this function allow clinicians to make a diagnosis only after episodic memory deficits are present. On the other hand, there is ample evidence indicating that a lexical-semantic decline is present, although subtle, during the preclinical stage of AD, when episodic memory deficits are still absent. This highlights a clinical interval along the disease timeline in which lexical-semantic skills are the only measurable symptom. Considering this as an assumption, and because it has been widely demonstrated that integrity of the mediotemporal lobe is responsible for sustaining lexical-semantic skills (Barbeau et al., 2012; Biesbroek et al., 2016; Didic et al., 2011; Hirni et al., 2013) , it derives that there must be some degree of independence in the way that mediotemporal integrity affects episodic memory and lexical-semantic processing. This provides the rationale whereby mediotemporal regions must be associated with lexical-semantic competence in addition to episodic memory competence. As hypothesized, not only did this study produce empirical evidence of an association between performance on the category fluency test and structures of the mediotemporal complex (specifically, hippocampus bilaterally and left perirhinal cortex) -Category Fluency test scores could explain a portion of AD-related neurostructural variability in the left and right hippocampus and, above all, in the left perirhinal cortex independently of that explained by the recall of the Rey-Osterrieth Complex Figure. Moreover, this test significantly improved the predictive strength of prose memory test scores in accounting for the variability of the left hippocampal fraction. Importantly, the absence of any associations between fractional values in mediotemporal complex structures and letter fluency test scores indicates that it is semantic processing, and not any generic lexical processing, that is associated with the mediotemporal lobe.
Experimental findings indicate that, across the life span, lexicalsemantic skills remain stable (Park et al., 2002; Verhaeghen, 2003) or show only limited decline (Ferguson, Spencer, Craig, & Colyvas, 2014; Lövdén et al., 2004) of minimal magnitude as opposed to the concurrent decline of episodic memory; vice versa, when lexical-semantic parameters are measured during preclinical AD, they show unequivocal decline, as demonstrated in the Nun Study (Snowdon et al., 1996) , by the longitudinal analyses of the linguistic production of well-known writers (Garrard, Maloney, Hodges, & Patterson, 2005; Le et al., 2011; van Velzen & Garrard, 2008) , by the analysis of presidential speeches given by former U.S. president Ronald Reagan, diagnosed with AD years after his presidency (Berisha, Wang, LaCross, & Liss, 2015) , by other cases of longitudinal evaluations of linguistic abilities across the life span, such as the evidence emerging from the longitudinal analysis of the PAQUID cohort, in which an index of lexical-semantic competence was found to predate diagnosis of AD by 12 years (Amieva et al., 2008) , or the analysis of discourse in picture description in pathologically confirmed cases of AD that identified cases 7 to 9 years prior to death (Pekkala et al., 2013) . Furthermore, the value of lexical-semantic parameters in predicting conversion to AD has been demonstrated by a clinical study suggesting that a measure of typicality of words could have prognostic valence in MCI (Vita et al., 2014) .
Despite accumulating heuristic evidence of the sensitivity of linguistic measures based on lexical-semantic processing to the earliest pathological changes in the disease course, current clinical and research criteria highlight testing of episodic retrieval as the main focus of assessment (Dubois et al., 2016) . The goal in clinical assessment, however, needs to be moved to the detection of signs in the preclinical stage or risk stage for any preventative strategy, either through modification of lifestyle factors (Di Marco et al., 2014) or pharmacological treatment (Buckley et al., 2016) , to be effective in delaying the dementia stage of the disease. Semantic measures such as the category fluency test, more than any measure of episodic retrieval, can take clinical assessment closer to this goal. The evidence of this study shows that category fluency test performance may represent a proxy of early AD-related pathological changes independent of episodic memory. It is known that the greater sensitivity of measures of lexical-semantic performance depends on their reliance on the integrity of not only the hipThis document is copyrighted by the American Psychological Association or one of its allied publishers.
pocampus but also, most importantly, the perirhinal cortex (Hirni et al., 2013) . Models of disease progression estimate that the clinical stage of AD is preceded by a decades-long preclinical phase. In this preclinical phase, changes occur at the pathological level with abnormal regulation of TAU and ␤-amyloid proteins. In this phase, AD neurofibrillary pathology appears more laterally in the transentorhinal region of the perirhinal cortex (including entorhinal and perirhinal cortex), in what defines Braak Stage I, and only at a later stage does AD pathology spread to the hippocampus (Braak & Braak, 1995) . The perirhinal cortex plays a central role within the functional networks supporting retrieval of semantic information -a major requirement for high-level linguistic performance and an important cognitive prerequisite of semantic fluency abilities -and a major computational center for retrieval of context-free memory, of which semantic processing is the main component. Its centrality in lexical-semantic processing makes the perirhinal cortex a likely candidate region for the future definition of a preclinical AD biomarker. The association of category fluency test performance with volumetric values of perirhinal cortex observed in this study suggests that scores on this test might express this structure's level of anatomical and functional integrity. This confirms the findings of other studies that have detected an association between variance in lexical-semantic parameters and volumetric variance in perirhinal cortex in mild AD (Venneri, Gorgoglione, et al., 2011; Venneri et al., 2008) . This association was even greater in MCI patients, carriers of the AD-risk gene apolipoprotein ε 4 allele (Venneri, McGeown, et al., 2011) . Category fluency test scores may therefore be part of a computational algorithm for a clinical proxy of early AD pathology (Papp et al., 2016) and, as such, show reduced decline among healthy adults free of AD pathology when compared with adults with early encroachment of AD pathology. Indeed, further evidence indicates that the addition of a measure of category fluency performance to a composite cognitive score explains unique variance in amyloidrelated decline in amyloid-positive healthy older adults. When these healthy older adults were stratified by neurodegenerative markers, longitudinal assessment showed that those who had more severe neurodegenerative markers had more severe decline in category fluency, suggesting that performance on this test declines very early in the preclinical AD trajectory (Papp et al., 2017) . It has to be acknowledged, however, that in our study the association between the size of the left perirhinal cortex and lexical-semantic skills was no longer significant after controlling for performance on an episodic memory test with a semantic load. This finding most likely indicates that by the prodromal stage of the disease, both lexical-semantic abilities and abilities in episodic memory with a semantic load explain most of the structural variance in perirhinal cortex, and the net contribution of each of these functions is no longer distinguishable. In contrast, when a test of episodic memory without any semantic load is used as a covariate, the significant association with perirhinal cortex remains for category fluency.
Recently it was suggested that to achieve the goal of preclinical detection of individuals with early AD pathology, or of individuals at risk of developing AD, a cultural shift had to be made, especially in the framework that describes early AD as a pathological entity limited to the hippocampus, and its primary episodic memory function had to be revised (Barbeau et al., 2004; Didic et al., 2011; Venneri et al., 2016) . This is certainly the case at the prodromal, symptomatic stage of the disease, but for earlier detection, a more powerful tool is the evaluation of lexical-semantic skills decline, which more closely mirrors the presence of subtle AD pathology at the prehippocampal, earlier stage of the disease. In addition, this evidence challenges earlier views of AD as an episodic memory disorder with sparing of language, instead suggesting that testing of linguistic semantic skills, and an accurate qualitative analysis of verbal productions, might reveal itself as a better diagnostic tool that can be of assistance within the procedures optimized by clinicians at the preclinical stage. This tool would have the potential for extensive screening of older adults, and, because of its non invasive nature, could become an early and inexpensive biomarker proxy. The evidence of this study supports earlier claims that volumetric measures of the transentorhinal/ perirhinal cortex could be a surrogate early marker of AD (Taylor & Probst, 2008) , which can easily be obtained in a non invasive way by MRI scanning, and calls for a refinement of imaging protocols, which should focus on quantitative imaging of structures that have the earliest vulnerability to the neuropathological threats of AD. The increasing clinical use of high-field scanners should also contribute to improving imaging protocols of these structures.
One final comment that deserves to be mentioned is the role of mediotemporal areas in a network context. It is widely established that cognitive function is sustained by widespread networks in which individual regions act as computational hubs. Although the default-mode network is the network most distinctively affected by AD pathology (Pasquini et al., 2017; Seeley, Crawford, Zhou, Miller, & Greicius, 2009; Sperling et al., 2009) , this involvement likely occurs in a gradual way, following the spread of pathology across Braak stages. On this note, it is not yet understood how changes in volume or thickness of subhippocampal regions are linked to network dysfunction. Published findings indicate significant links between context-free semantic retrieval and network connectivity in the anterior temporal lobe (Gour et al., 2011) , but more evidence is needed to assess changes of whole-brain networks in a longitudinal context. This study is not free from limitations. Although patients were followed up clinically over time, we did not follow up controls. It is possible that some of the controls, healthy at baseline, were actually at the preclinical stage of the disease. We accept this as a possibility that, however, would have little effect at a group level. Furthermore, our procedures did not include a measure of underlying AD pathophysiology. Clinical diagnostic criteria were applied for the identification of patients and controls, and diagnostic status was reached by consensus among clinicians. It is possible that the use of methods such as amyloid imaging or the analysis of cerebrospinal fluid levels of typical peptidic hallmarks of AD may have resulted in the exclusion of a small percentage of the participants. Again, however, this would have had only a mild effect at the group level. Another limitation lies in the multicomponentiality of the prose memory test, which, to some extent, relies on episodic as well as semantic processing. It is in the nature of neuropsychological tests to be sustained by a multitude of cognitive components, of which one represents the core of interest. Based on this, it is not possible to go beyond our speculation that the prose memory test is particularly suitable for tracking down the neuroanatomical modification triggered by AD due to its reliance on an This document is copyrighted by the American Psychological Association or one of its allied publishers.
interplay of episodic memory and semantic processing. Experimental evidence is required to address this point.
In conclusion, the findings of this study indicate that a skill of language (i.e., lexical-semantic processing in the form of retrieval of lexicon following a semantic route) is an ability that is strongly associated with the volume of the mediotemporal lobe. Furthermore, this skill is statistically associated with this region, crucial in AD, in a way that is independent of episodic memory. The category fluency test has good levels of diagnostic classification for AD (Canning, Leach, Stuss, Ngo, & Black, 2004) , and our findings support that claim by showing a link with the underlying cerebral structures, harshly affected by AD pathology insidiously and very early in the disease course.
